The objectives of this study were to estimate the cost-of-illness (COI) and health-related quality of life (HRQOL) in patients with ankylosing spondylitis (AS) in Korea and to evaluate the effects of socio-demographic and clinical factors on the COI and the HRQOL. Face-toface interview surveys were taken from patients with AS at the Rheumatology Clinic of Seoul National University Hospital. Direct medical and non-medical costs, indirect costs (productivity loss due to job loss and sick leave), and deterioration of HRQOL in patients with AS were measured. Factors associated with COI and HRQOL were analyzed with multiple regression and multivariate logistic regression. A total of 191 patients with AS was enrolled in the study. The COI in patients with AS amounted to 11,646,180 Korean Won (KRW) per patient, and their HRQOL was 0.62. As functional severity worsened, the total costs increased (class I, KRW 7.7 million; class II, KRW 12.9 million; classes III & IV, KRW 25.2 million) and the HRQOL scores decreased (class I, 0.72; class II, 0.61; classes III & IV, 0.24). Functional severity is the major determinant of the COI and HRQOL in patients with AS.
INTRODUCTION
Ankylosing spondylitis (AS) is a chronic, progressive inflammatory disease characterized by structural changes accompanied by pain and stiffness of the back, peripheral joints and inflammation of extra-articular sites such as the eyes, heart and lungs (1, 2) . The prognosis for AS varies, and management centers on controlling pain and improving physical function (3) . The prevalence of AS varies between 0.21% and 1.9% worldwide, and 1% and 2% within Europe (4) . The prevalence of AS in Korea is about 0.4% (5) , which is a little higher than that (0.2%-0.3%) in China (6) . The disease is diagnosed in early adulthood and functional limitations may lead to work capacity impairment and increased consumption of healthcare resources, as well as reduced quality of life (QOL) as a result of disability and pain (7) (8) (9) .
Increased healthcare utilization or need for formal and informal care, and decreased working capability of patients due to structural changes, pain, stiffness, and functional limitation, have an impact on not only the patients or their families but also on society as a whole (10) . Recently, new drug compounds such as tumor necrosis factor-α (TNF-α) inhibitors have been introduced with strong therapeutic effects on AS to reduce pain and functional impairment. However, their use is constrained by high medication costs, around USD 15,000-25,000 per patient per year (11, 12) . This implies that consideration of cost-of-illness (COI) has become increasingly important in decisions regarding resource allocation, intervention design and use of biologic agents in such individuals with chronic inflammatory disabling conditions.
With regard to functional limitation, QOL and COI, AS is often compared to rheumatoid arthritis (RA), another common type of chronic inflammatory arthritis. It is generally known that patients with RA are more limited in physical function than patients with AS (13) , and that physical health-related QOL of patients with RA is lower than that of patients with AS (14) while mental health-related QOL of patients with RA and AS shows mixed results (14, 15) . It is also known that COI of patients with RA is higher than that of patients with AS (10, 16, 17) , and that the proportion of indirect costs is larger than that of the direct costs in both diseases, reflecting the high burden of the diseases on work participation (10, 17) . However, the differences in functional limitation, QOL and COI between patients with AS and RA may be affected by potential confounding factors such as age, gender, or disease duration since the two diseases affect different patient populations (13) .
Korean studies on the health-related quality of life (HRQOL) of inflammatory arthritides show similar results to studies in other countries: when evaluated using SF-36, the physical HR-QOL of patients with RA was lower than that of patients with AS while the mental HRQOL of patients with the two diseases was similar, and when using Korean version of European Quality of Life-5 Dimension (KEQ-5D), the HRQOL of patients with RA (0.58) was lower than that of patients with AS (0.63) (18, 19) . In contrast, there are few studies that examined the COI of patients with AS in the Korean healthcare setting, though there is one recent study on the COI of patients with RA (20) .
The results of burden-of-disease studies can be used for prioritizing healthcare resources and justifying the needs for spending on disease prevention, management, and social intervention. This can be achieved, in particular, through studies comparing COI and HRQOL between diseases. Given that few such studies have been carried out in Korea, the aims of the current study were to estimate the COI and HRQOL among patients with AS, and to evaluate the effects of socio-demographic and clinical factors on the COI and the HRQOL.
MATERIALS AND METHODS
The following data sources were used to estimate the COI and HRQOL of patients with AS: patient surveys, medical chart reviews and reviews of electronic hospital records.
Patients
The patients were enrolled at the Rheumatology Clinic of Seoul National University Hospital located in Seoul, Korea between July 19, 2010 and October 22, 2010. The inclusion criteria were as follows: 1) The patient should meet the 1984 modified New York criteria for AS (21) , and 2) the patient must have visited the medical institution at least once before the interview. Functional status was assessed according to the American College of Rheumatology (ACR) 1991 revised criteria for the classification of global functional status in RA (22) .
Socio-demographic and clinical characteristics
Socio-demographic characteristics such as age, gender, marital status, education, household income, employment status and health insurance type were collected from the patient surveys.
Clinical features were collected from the reviews of the medical charts, which included information pertaining to comorbidity and medication including biologic agents. Diseases assessed as comorbidity included diabetes mellitus, hypertension, pulmonary tuberculosis, dermatitis, Behcet's disease.
Cost of illness (COI)
The COI of patients with AS was estimated from a societal perspective. Taking into consideration of Korean circumstances, direct medical costs included in-hospital costs, prescription drugs, private physiotherapy, oriental medicine and other alternative medicine costs, whereas direct non-medical costs included travel, auxiliary devices, dietary supplements, and home assistance costs. Indirect costs included productivity loss from job loss and sick leave (23, 24) . Since it was impossible to estimate the mortality rate of patients with AS, lost productivity from pre mature death was not included in this study.
In-hospital costs were estimated from hospital electronic data records including expenses for physician visits, treatments, hospitalization, and monitoring. Out-of-hospital medical costs, direct non-medical costs, and indirect costs were estimated based on patient surveys from face-to-face interviews. The reference period for out-of-hospital medical costs, direct non-medical costs, and sick leave costs was 1 yr. Productivity loss caused by disease-related job loss was estimated by applying the duration of the patient's unemployment until the normal retirement age and annual increase in wages to the wage they received prior to the loss of work. It was assumed that the age at retirement was 60 yr for both genders. The annual wage increase rate was obtained from the Korean Statistical Information Service (25) .
Health-related quality of life (HRQOL)
The HRQOL of the patients was analyzed based on face-to-face interview questionnaires using KEQ-5D. Utility values were obtained through a tariff system developed in Korea, which applied a time trade-off method to derive preferences on different health statuses from 287 adults residing in urban areas (26) .
Data analysis
Descriptive statistics (frequency, percentage, mean and standard deviation) were used to analyze the patient characteristics, costs and HRQOL. To identify factors affecting the total costs, direct costs and HRQOL, multiple regression analysis was used, and to identify factors affecting the incidence of indirect costs, multivariate logistic regression was used. Among those factors are age, gender, marital status, education and household income of the patients as well as comorbidity and functional status.
Ethics statement
This study was carried out with the approval of the institutional review board of Seoul National University Hospital (IRB No. H-1007-167-325). Informed consent was confirmed by the board.
RESULTS

Patient demographics and clinical characteristics
In total, 191 patients with AS were consecutively enrolled in this study. The majority of patients with AS were men (164 patients, 85.9%), and the mean age (SD) was 39.3 (12.3) yr. Additionally, 57.6% of the patients received education at a college level or higher and 37.7% were unemployed. The monthly average household income of the patients with AS was 4.1 million Korean Won (KRW) ( Table 1) .
In terms of functional status classified by ACR, 50.3% (96 patients) and 38.7% (74 patients) of patients with AS were class I and II, respectively. The mean disease duration of patients with AS was 13.9 yr. About 60% of the patients had at least one comorbidity. With respect to disease-modifying anti-rheumatic drugs, 25.7% (49 patients) with AS were treated with TNF-α inhibitors such as etanercept, infliximab, adalimumab etc. (Table 1) .
Cost of illness
The total COI for patients with AS amounted to KRW 11.6 million per patient per year. Of the total, direct costs amounted to KRW 7.0 million (59.9%) while indirect costs amounted to KRW 4.7 million (40.1%). Loss of work as an indirect cost accounted for the largest proportion of the total costs (34.5%), followed by two items within the direct cost category, in-hospital costs (29.7%) and prescription drug costs (16.7%) ( Table 2) .
Analyzing the COI by the characteristics of the patients, the COI for female patients (KRW 13.1 million) was higher than that for male patients (KRW 11.4 million) and the proportion of direct costs in male patients with AS was as high as 64.4% of the total COI. The COI of patients with AS increased with age until their 50s, after which it decreased dramatically since indirect costs were less likely to occur. The decrease in the COI of old patients may be related to reduced disease activity. The higher the level of education received by the patients, the lower their COI was. This was due to the decrease in the proportion of indirect costs among those patients with higher education. In terms of household income, there were no regular trends observed in the total COI and in the proportion of direct costs. Unemployment contributed to a substantial increase in total COI for patients with AS, which was due to increased indirect costs (Table 3) .
With regard to the clinical characteristics of patients with AS, the COI increased with functional deterioration (FC I, KRW 7.7 million; FC II, KRW 12.9 million; FC III & IV, KRW 25.2 million) and the proportion of direct costs was high among class I (75.8%) and II (61.8%) patients while it was low among class III & IV (34.1%) patients. The difference in the COI between patients with and without comorbidity was not evident. In addition, the COI for patients treated with biologic agents including TNF-α inhibitors (KRW 19.4 million) was twice as high as that of patients who were not treated with biologic agents (KRW 9.0 million) (Table 3) .
Health-related quality of life
The overall HRQOL of patients with AS was estimated to be 0.62. The HRQOL of patients with AS decreased with age and increased with education and household income. The HRQOL of unemployed patients was lower than that of employed patients. Moreover, the HRQOL deteriorated as their functional severity worsened (FC I, 0.72; FC II, 0.61; FC III & IV, 0.24). Given that 0 indicates death and 1 indicates perfect health (KEQ-5D anchors), the progression of AS resulted in a substantial deterioration in the HRQOL. The HRQOL decreased with comorbidity, whereas it showed no difference between patients treated with and without biologic agents ( Table 4 ). Considering that TNF-α inhibitors are not generally administered to the patients with low disease activity, their HRQOL was similar to the HRQOL of patients with high disease activity to whom TNF-α inhibitors are often administered.
Factors affecting the COI and HRQOL
The results of multiple regression and multivariate logistic regression showed that functional severity was the most significant determinant of the COI; FC I and II showed lower total and direct costs compared to FC III and IV. The probability of patients with FC I incurring indirect costs was significantly lower than that of patients with FC III and IV in AS (P = 0.039). Comorbidity tended to be associated with direct costs (P = 0.088). Apart from functional severity, residential area (P = 0.012), marital status (P = 0.011) and education (P = 0.026) significantly affected the occurrence of indirect costs among patients with AS while household income tended to be associated with indirect costs (P = 0.099) ( Table 5 ).
The factors affecting the HRQOL of patients with AS were the functional status and residential area. In terms of functional severity, classes I (P < 0.001) and II (P = 0.022) showed a higher HRQOL compared to classes III and IV (Table 6) .
DISCUSSION
This study was carried out to estimate the COI and HRQOL of patients with AS, and it would be informative to compare them with those of patients with RA, which is one of the common types of inflammatory arthritis. There is one recent study on the COI and HRQOL in patients with RA in the same clinical setting in Korea, carried out from a societal perspective (20) , which made it feasible to compare the two diseases. In comparison with the results of this recent study of patients with RA, the COI of patients with AS was almost twice as high as that of patients with RA (AS, KRW 11.6 million; RA, KRW 6.7 million). The costs of patients with RA were collected throughout 2009 while those of patients with AS were collected in 2010. For a better comparison of the COI between AS and RA, the costs of patients with RA were adjusted for inflation. This is in stark contrast with previous studies in other countries, which showed that the annual COI of patients with RA was higher than that of patients with AS (10, 17) . If we break down the COI in the current study, the direct cost for patients with AS (KRW 7.0 million) was more than twice as high as that for pa- tients with RA (KRW 3.2 million), while the indirect cost for patients with AS (KRW 4.7 million) was only about 34% higher than that for patients with RA (KRW 3.5 million). In other words, the difference in the COI between the two diseases was attributable mainly to the difference in direct costs, which was in turn incurred by the difference in in-hospital costs; the proportion of in-hospital costs amounted to 29.7% in patients with AS while it was only 10.5% in patients with RA (20) . The high proportion of in-hospital costs in AS has to do with the relatively high prescription rate of expensive TNF-α inhibitors, which are mainly injected at hospitals in Korea.
In terms of functional status, half of the patients with AS belonged to FC I and almost 90% belonged to FC I or II. Taking into account their functional status, it was anticipated that patients with AS would show a higher HRQOL and lower COI than patients with RA. On the contrary, the COI of patients with AS was almost two times higher than that of patients with RA in Korea due to the greater use of expensive biologics. This can be explained by the following. First, there are disparities in the socio-economic characteristics between patients with AS and RA. About 86% of the patients with AS were men and the mean age was 39.3 yr while about 81% of the patients with RA were women and the mean age was 62.5 yr (20) . Besides, patients with AS had longer schooling years, were less unemployed, and reported a higher monthly household income than patients with RA. These socio-economic characteristics seem to explain partly why AS patients whose functional status was not so poor were prescribed expensive biologics at a tertiary university hospital.
Second, the high COI of patients with AS compared to patients with RA could be partly related to the reimbursement policy for biologics issued by the Health Insurance Review and Assessment Service (HIRA). HIRA has allowed TNF-α inhibitors to be used in AS patients with high disease activity once they fail 2 nonsteroidal anti-inflammatory agents in 3 months. Therefore, severely ill AS patients can have access to expensive TNF-α inhibitors with a copayment rate of 10% at a relatively earlier (6 months for RA patients) time point throughout their treatment. The prescription rate of TNF-α inhibitors was also influenced by the patients' socio-economic status; as seen in the results of this study, patients with AS whose income and education level were higher than patients with RA were prescribed biologic agents more frequently (20) .
The results also showed that the proportion of indirect costs was 40.1% for AS while it was 52.7% for RA (20) . This means that, in the case of AS, the proportion of indirect costs was smaller than that of direct costs while the opposite was true in the case of RA. Boonen and Mau (16) reported that the unemployment rate was higher among patients with RA than that of patients with AS, which was particularly the case in females and less educated patients. This is consistent with the results from the Korean studies. Since less educated patients were more likely to be involved in manual work, functional deterioration resulting from rheumatic diseases tended to hinder them from maintaining their jobs. This is the reason why the proportion of indirect costs among patients with RA of whom the majority were female and less educated was much higher than that of patients with AS in Korea.
Meanwhile, it was revealed that the HRQOL of patients with AS (0.62) was higher than that of patients with RA (0.49) and that this was also the case across functional status. Salaffi et al. (15) showed that the physical health-and mental health-related QOL of patients with RA were lower than those of patients with AS in Italy, which is consistent with the findings of the current study. However, it is not necessarily the case with German patients. Chorus et al. (14) showed that patients with RA had a lower physical health-related QOL and a higher mental healthrelated QOL than patients with AS in Germany and that there were no significant differences in somatic pain, physical role functioning, social functioning, emotional role functioning, vitality or general health perception between patients with RA and AS. Zink et al. (27) also reported that the extent to which patients with RA and AS complained of disability and pain was similar until the age of 70 yr, after which patients with RA complained of pain more frequently than patients with AS.
The functional status of patients was the most significant factor associated with the HRQOL of patients with AS as well as the HRQOL of patients with RA (20) , which is consistent with findings from previous studies carried out in Korea and other countries (18, 19, (28) (29) (30) (31) . Salaffi et al. (15) found that comorbidity influenced the HRQOL of patients with RA and AS; however, it did not affect the HRQOL of patients with AS in the current study. Further analyses taking into account the number and mix of comorbidities are necessary in future studies.
There are a few limitations to this study. First, the COI and HRQOL of patients with AS were estimated based on data obtained from one large university hospital, so the study results need to be generalized with caution. Second, the results from the current study on AS were compared to those from the previous study on RA in the discussion, though there was an eightmonth time lag between the two studies. However, there was no noticeable event in between that may have influenced the COI and HRQOL in patients with AS and RA. In fact, recruiting patients from the same clinical setting may have helped further comparison of the two diseases.
In conclusion, this study, when compared with the previous study on RA, indicates that the COI of patients with AS is much higher than that of RA while the HRQOL of patients with AS is higher than that of RA. Further studies that examine the causes and solution of the disparity between HRQOL and medical costs in AS versus RA in the Korean healthcare setting are called for.
